Patterning of the chick telencephalon has been debated, especially in regard to a ventral (subpallial) or dorsal (pallial) nature of the dorsal ventricular ridge (DVR). Here we report the expression patterns of chick homologues of molecules known to be involved in telencephalic patterning in other vertebrate species. We show here that the transcription factors Ngn1, Ngn2, Cash1, Gsh2 and the secreted frizzled related protein 1 (sfrp1), a wnt receptor, are expressed in characteristic telencephalic domains during chick development. At embryonic day 7 (E7) Ngn1 and Ngn2 are localized in the dorsal pallium and the DVR, similar to the region of Pax6 expression. In contrast, Gsh2 and Cash1 are restricted to the subpallium and some DVR cells. Interestingly Sfrp, a dorsoventral boundary marker in mouse telencephalon, is expressed between the DVR and subpallium. Gsh2 and Pax6 double-positive cells further characterize this boundary region in the developing chick telencephalon. q
Results
Despite a previous gene expression analysis comparing mouse and chick telencephalic development (Puelles et al., 2000) , some molecules important for patterning in mammals such as the bHLH transcription factors Ngn1, Ngn2 (Fode et al., 2000) , Mash1 (Casarosa et al., 1999) and the homeobox transcription factor Gsh2 (Toresson et al., 2000; Corbin et al., 2000; Yun et al., 2001) have not been analyzed in the developing chick. At embryonic day 7 (E7), the time of mid-neurogenesis in the chick telencephalon (Tsai et al., 1981) , the dorsal bHLH transcription factors Ngn1 and Ngn2 are expressed in the ventricular zone (VZ) of the pallium and more strongly in the dorsal ventricular ridge (DVR) (Fig. 1a,b,g,h ). Ngn1 and Ngn2 expression decreases towards medial regions with Ngn2 expression extending somewhat further medial than Ngn1. While most cells in the VZ express Ngn1 or Ngn2 in the DVR (see inset in Fig. 1a 00 ,b 00 ), only subpopulations of cells in the VZ express this gene in the dorsal pallium (see inset in Fig. 1a 0 ,b 0 ). In contrast to the gradual decrease in Ngn expression medially, there is a sharp border at the sulcus between the DVR and the subpallium (see arrowheads in Fig. 1a ,b,g,h). The domain of high Pax6 expression stops at the same position (Fig. 1c,i) where also a band of Pax6-containing cells extends into the differentiated parts of the subpallium (asterisk in Figs. 1c and 2a). As described previously, Emx2 expression stops dorsal of the Pax6 and Ngn2 expression domain leaving a gap to the Dlx1 expression (Fig. 1d ,e,j,k) (Fernandez et al., 1998; Bell et al., 2001) . Reminiscent of the difference between the lateral and medial ganglionic eminences (LGE/MGE) in the mammalian telencephalon (Toresson et al., 2000) , weakly Pax6-immunoreactive cells were detected in the dorsal part of the Dlx1 expression domain (as in the LGE) but were absent from the ventral part (as in the MGE) ( Fig. 2a, arrowhead) . To further map the subpallial region in the chick we examined the transcription factors Cash1 (Fig. 1f ,l) and Gsh2 ( Fig. 2b ). Cash1 and Gsh2 are expressed in the subpallium but seem to extend slightly deeper into the DVR than Dlx1 (Figs. 1e,f and 2b). Cash1 expression continues at a low level through the DVR into the dorsal pallium (see arrow in Fig. 1f) . We also observed a small gap in Gsh2 immunoreactivity in the subpallium (asterisk in Fig. 2b ) comparable to the gap between the LGE and MGE in the mouse (Toresson et al., 2000) . To directly examine the overlap of pallial and subpallial markers, we performed Pax6-and Gsh2-double immunostainings and observed a small zone of Pax6/Gsh2 double-positive cells at all rostrocaudal levels coinciding with the origin of the band of Pax6-positive cells described above (Fig. 2a,c) . Since the soluble frizzled receptor sfrp2 has been located in the dorsoventral boundary in the mouse (Kim et al., 2001) , we examined expression of the chick homologues (Terry et al., 2000) in the developing telencephalon. While no expression of sfrp2 could be detected in the telencephalon, sfrp1 expression is restricted to a small region between the DVR and subpallium, where Gsh2 and Pax6 are co-expressed. The sfrp1-positive territory, however, appears broader than the Pax6/Gsh2 overlap and extends equally into pallial and subpallial regions (compare Figs. 2 and 3 ). Taken together, this expression analysis further shows that the DVR is characterized by pallial gene expression (Puelles et al., 2000) and does not correspond to the dorsoventral boundary in mammals ( Fernandez et al., 1998) . Rather, the pallial/subpallial border is shifted below the DVR in the chick telencephalon (see schematic summary, Fig. 4 ).
Experimental procedures

In situ hybridization
Brains of E7 Isar 457 chicken (Hölzl) were fixed in 4% paraformaldehyde for 2 h, cryoprotected, frozen in TissueTec and 12 mm thick coronal sections were cut with the cryostat. In situ hybridization with RNA probes of Ngn1 and Ngn2 (D.J. Anderson; Perez et al., 1999), Pax6 (A. Wizenmann; Goulding et al., 1993), Emx2 (A. Wizenmann; Bell et al., 2001) , Dlx1 (J.L. Rubenstein), Cash1 (T. Reh; Jasoni et al., 1994) and sfrp1 and sfrp2 (L.W. Burrus; Terry 3 . In situ hybridization of sfrp1 in frontal sections of E7 chick telencephalon. The expression is restricted to the region between DVR and subpallium at all rostrocaudal levels (a,d: most rostral; b,e: medial; c,f: caudal). Scale bar: 500 mm. Fig. 4 . Schematic summary of the regionalization of the developing chick telencephalon at E7. Pax6 and Ngn1/2 are expressed in the dorsal pallium and the DVR, while Emx2 expression extends only partially into the DVR. The subpallium is characterized by Dlx1, Gsh2 and Cash1 expression. Sfrp1 is expressed in the dorsoventral boundary region, delineating the DVR from the subpallium. et al., 2000) was carried out as described in Cau et al. (1997) using digoxygenin-labeled RNA probes.
Immunohistochemistry
Cryostat or vibratome sections (150 mm) were stained overnight at 48C with the polyclonal Gsh2-antiserum (1:1000; Toresson et al., 2000) and monoclonal Pax6-antiserum (1:50; Developmental Studies Hybridoma Bank). Anti-mouse IgG1 Rhodamin (Southern Biotechnology), biotinylated anti-rabbit antibody (Vector) and streptavidin FITC (Chemicon) were used as secondary antisera.
